The use of high-dose chemotherapy and autologous stem-cell transplantation in patients with relapsed Hodgkin's lymphoma is supported by two randomized clinical trials but its benefit in patients with primary refractory disease is less clear. Aiming to shed light on this issue, we analyzed and compared the outcomes of patients with relapsed or refractory Hodgkin's lymphoma treated with second-line chemotherapy and planned autologous stem-cell transplantation.
Introduction
More than 80% of patients with Hodgkin's lymphoma (HL) can be cured with multi-agent chemotherapy and/or radiotherapy. [1] [2] [3] [4] However, the outcome of patients for whom initial induction chemotherapy fails is poor. 5, 6 Despite a number of randomized controlled trials of primary therapy, very few prospective studies have assessed the outcomes of second-line treatments in patients with HL and thus, approaches in this setting are heterogeneous.
Two randomized trials support the use of high dose chemotherapy (HDCT) and autologous stem cell transplantation (ASCT) in patients with relapsed HL, having shown that this management improved disease-free survival. 7, 8 However, the benefit of this intervention in patients with primary refractory HL, defined as progressive disease during first-line chemotherapy or within 3 months of completion of the treatment 9 is less clear. Encouraging results have been reported with ASCT in institutional reviews and cohort comparisons but no randomized trial has compared this approach with standard therapy and the impact of selection of patients on the reported outcomes is unclear. [10] [11] [12] [13] [14] We, therefore, reviewed the outcomes of patients with primary refractory HL treated with second-line chemotherapy and planned ASCT and compare the results to those in patients who had previously attained a response lasting more than 3 months to initial therapy.
Design and Methods

Study design and selection of patients
Cases were identified from a prospectively collected electronic database that records all patients referred to our program for an opinion regarding second-line therapy and possible ASCT. We retrospectively analyzed data from 157 consecutive adult patients with relapsed or primary refractory HL referred to our institution for consideration of second-line chemotherapy followed by HDCT and ASCT between January 1999 and December 2006. Of those, 73 met the definition of having primary refractory disease and their characteristics and outcomes were compared to those of 84 patients with relapsed disease. Data were obtained from computerized records or from the patients' charts as necessary. Incomplete information (where identified) have been noted in the tables summarizing the data. All patients provided written informed consent for HDCT, ASCT and related procedures according to institutional guidelines. The University Health Network Research Ethics Board approved this study.
Patients' data were included in this retrospective review if the patients had a histological diagnosis of HL and presented with relapsed or primary refractory disease after receiving a single prior chemotherapy regimen, usually ABVD. All patients were staged according to the Ann Arbor staging system. 15 Repeat biopsy was not mandatory in all patients but was performed if the original biopsy was unclear, if the relapse was late (4-5 years after primary therapy) or if clinically there was concern of an alternative diagnosis. Disease response was assessed according to the International Workshop Criteria. 16 Primary refractory HL was defined according to the German Hodgkin Lymphoma Study Group (GHSG). 9 At the time of recurrence or progression, patients were restaged with computed tomography scans of the chest, abdomen and pelvis. Gallium scintigraphy was recommended for those with large masses but was not required. Magnetic resonance imaging was performed if clinically indicated. Positron emission tomography scans were not performed routinely. Routine biopsy was not required at the time of disease progression but a bone marrow aspirate and biopsy were mandatory. Patients were ineligible if they had uncontrolled infection or significant organ dysfunction that would preclude safe administration of salvage chemotherapy and stem-cell transplantation.
Salvage chemotherapy
Patients received second-line treatment to assess chemotherapy sensitivity most often using GDP (gemcitabine 1000 mg/m 2 i.v. over 30 min on days 1 and 8, dexamethasone 40 17, 18 Filgrastim was added during the second cycle in the event of febrile neutropenia during the first cycle or a low neutrophil count on a treatment day.
The patients' response was evaluated by physical examination and computed tomography scans of the chest, abdomen and pelvis after two cycles of salvage chemotherapy. Gallium scintigraphy and bone marrow biopsy were repeated if abnormal at the start of salvage therapy. Patients who achieved a complete remission, partial remission or stable disease after salvage chemotherapy proceeded to stem-cell mobilization. Those with evidence of progressive disease or persistent abnormal gallium uptake could receive further chemotherapy as a second-line salvage regimen at the discretion of the treating physician. Patients with less than partial remission who experienced clinical improvement and normalization of gallium scans proceeded to stem-cell mobilization.
Stem-cell mobilization, high-dose chemotherapy and stem-cell reinfusion
Stem-cell mobilization was usually performed using cyclophosphamide 2 g/m 2 on day 1, etoposide 200 mg/m 2 on days 1-3 and filgrastim 10 mg/kg daily starting on day 6 until completion of the leukapheresis. Peripheral blood stem cell collection commenced when the peripheral blood CD34 + cell concentration was greater than 5/mL, usually on day 13. The target number of peripheral blood stem cells was 5¥10 6 or greater CD34 + cells/kg. Patients who had insufficient peripheral blood stem cells for grafting (<2.0 ¥10
6
CD34
+ cells/kg) underwent autologous bone marrow harvesting after having been primed with filgrastim. 19 High-dose chemotherapy consisted of etoposide (60 mg/kg over 8 hours on day -4) and melphalan (180 mg/m 2 over 30 min on day -3). Stem cells were infused through a central venous line on day 0; supportive care was provided as described previously. 20 Involved field radiation (35 Gy in 20 fractions) was typically administered to patients with bulky disease (defined as disease > 5 cm) at the time of disease progression/recurrence between 6-12 weeks post-ASCT. 21 Re-staging was performed as above at 3 months and 1 year post-ASCT. Patients presenting with signs or symptoms suggestive of relapse or progression underwent appropriate work-up as required.
Statistical methods
The comparison between patients with primary refractory or relapsed disease was performed using either Fisher's exact test or the Cochran-Armitage test when a trend was expected. Age was compared between the two groups using the Mann-Whitney test. Overall survival and progression-free survival were calculated as outcome measures, both since first relapse/progression and since ASCT. Percentages of overall and progression-free survival were estimated using the Kaplan-Meier method. The log-rank test was ASCT in refractory Hodgkin's lymphoma haematologica | 2010; 95 (9)utilized to compare the curves. Multivariable analysis was performed using a Cox proportional hazards model.
Results
Patients
Seventy-three patients with primary refractory HL and 84 patients with relapsed HL were included in this study. The main characteristics of the patients are shown in Table  1 . The two groups were similar in terms of age, gender, histology, advanced stage, bulky disease and B symptoms at diagnosis as well as for the type of first-line chemotherapy received. More patients in the group with primary refractory disease presented with one or more sites of extranodal disease (41% versus 25%, P=0.017). Combined modality primary treatment was administered to 13 (18%) of the patients with primary refractory disease and to 37 (45%) of the patients with relapsed HL (P=0.0005).
Survival after progression following primary treatment
The median follow-up for all patients after first progression was 2.6 years (range, 0.04 -7.6 years) while the median follow-up post-ASCT was 2.5 years (range, 0-7.2 years). The overall survival rate 3 years after first relapse/progression was 84% (95% CI: 78%-91%) for the entire group, being 76% (95% CI: 66%-89%) for the cohort with primary refractory disease and 91% (95% CI: 84%-98%) for the cohort with relapsed HL.
Salvage chemotherapy
The overall response rate (i.e. percentage of patients with either complete or partial response) to second-line chemotherapy was 51% (35/73, 95% CI: 39%-63%) in the primary refractory group and 83% (66/84, 95% CI: 74%-91%) in the group with relapsed HL (P<0.0001). Four (6%) patients in the primary refractory group and 18 (23%) in the relapsed group achieved a complete remission prior to ASCT. Eighteen (26%) patients in the primary refractory cohort and 11 (14%) in the relapsed cohort had stable disease whereas 16 (23%) patients in the primary refractory group and 3 (4%) in the relapsed group had progressive disease. Seventeen patients with primary refractory disease and six with relapsed disease (a total of four -1 with primary refractory disease and 3 with relapsed diseasebecause of a persistently positive gallium scan) required a second-line salvage chemotherapy regimen. The overall response rate to second-line salvage chemotherapy was similar between the two cohorts, although the numbers in each group are small (Table 2) .
Overall survival and progression-free survival after highdose chemotherapy and autologous stem-cell transplantation
One hundred and thirty-five patients had an adequate response (achievement of gallium-negative stable disease with symptomatic improvement after salvage chemotherapy as a minimum criterion to proceed) and were eligible for ASCT, including 77 (92%) in the relapsed group and 58 (79%) in the primary refractory group (P=0.028 χ 2 -square test and P=0.037 Fisher's exact test). Twelve patients in the relapsed cohort and 24 in the primary refractory cohort received consolidation radiotherapy (P=0.015) for either bulky disease or localized relapse. For those patients who underwent HDCT and ASCT, the 3-year progression-free survival rate was 58% (95% CI: 50%-68%) while the 3-year overall survival was 84% (95% CI: 77%-92%).
The estimated progression-free survival rates 3 years post-ASCT were 49% (95% CI: 37%-66%) for the primary refractory group and 67% (95% CI: 56%-79%) for the relapsed group (P=0.21), while the overall survival rates 3 years post-ASCT were 75% (95% CI: 63%-89%) for the primary refractory group and 91% (95% CI: 84%-99%) for the relapsed group (P=0.097). Response to salvage chemotherapy did not affect post-transplant progressionfree survival or overall survival (log-rank P=0. 22 
Prognostic factors
The variables analyzed included status at salvage treatment (categorized as relapsed or primary refractory), clinical characteristics at relapse (stage, B symptoms, number of extranodal sites and bulky disease) and previously identified prognostic factors for progression-free survival (time to relapse: ≤12 months versus > 12 months) and for overall survival [age >50 years and failure to attain a temporary remission (progressive/stable disease)] on first-line treatment. 9, 22 Results of the univariate analyses for overall and progression-free survival applied to the entire population are shown in Table 3 . Variables associated with improved overall survival were status at salvage (relapsed versus primary refractory), response to first-line treatment (complete/partial response versus stable/progressive disease) and response to salvage chemotherapy (complete/partial response versus stable/progressive disease). No model was built with a combination of these three variables because of their obvious associations. The remaining variables were not significant in univariate analyses or in the models in which any of the three significant variables were tested. When only status at salvage (relapsed versus primary refractory) was included in the model, none of the variables analyzed achieved significance. Status at salvage, response to first line treatment, response to salvage chemotherapy, time to relapse and bulky disease (>10 cm) were found to be significant for progression-free survival. Bulky disease was significant in univariate analysis and remained significant when either time to relapse (P=0.04) or response to first-line treatment (P=0.015) was introduced into the model.
Univariate analysis for progression-free survival and overall survival applied to the patients who underwent ASCT identified response to salvage chemotherapy (stable disease versus complete/partial response) as a significant prognostic factor for overall survival. Log-rank P value=0.034
Log-rank P value=0.097
Log-rank P value=0.21 Refractory, n=73, 3y survival=76% Relapsed, n=84, 3y survival=91%
Refractory, n=58, 3y survival=75% Relapsed, n=77, 3y survival=91%
Refractory, n=58, 3y PFS=49% Relapsed, n=77, 3y PFS=67% 
Discussion
The outcome of HL patients with early treatment failure managed with standard-dose salvage chemotherapy is known to be very poor. In a retrospective analysis of the GHSG, no patient with primary progressive disease survived more than 5 years 23 and the overall survival rate at 8 years ranged between 0 and 8% in several other series. 24, 25 In an attempt to improve the outcome of these patients, HDCT and ASCT have been increasingly used in the setting of patients with primary refractory HL. 12, 26, 27 Based on the results of two randomized trials, HDCT and ASCT is now considered the standard of care for patients with relapsed or primary refractory HL. 7, 8 However, only the BNLI trial, a small study underpowered to report outcomes on any subsets of patients, included patients with primary refractory disease. Older reports from registry and institutional series mainly focused on transplanted patients did not examine the larger denominator of patients who undergo second-line chemotherapy prior to a planned transplant. The major strength of our study is that it reports the response to second-line chemotherapy and prognostic factors in a group of patients who were planned to undergo ASCT treated within the past decade.
We evaluated a cohort of relapsed and primary refractory HL patients treated with second-line chemotherapy and planned ASCT. Analysis of the entire group from the time of relapse/progression demonstrated that the overall survival in patients with refractory disease was inferior to that of patients who relapsed 3 months or later after the completion of initial therapy (76% versus 91%, P=0.034). As the majority of prognostic factors were found to be balanced between the two groups, the most likely explanation for this finding is the lower rate of chemosensitivity observed in patients with primary refractory HL which translated into a small proportion of patients proceeding to ASCT in this group. Furthermore, primary refractory disease was identified in univariate analysis and confirmed in multivariate analysis as an independent adverse prognostic factor.
The characteristics at diagnosis of the 157 patients analyzed were similar between the relapsed and primary refractory groups except for the presence of extranodal disease which was more frequent in the cohort with primary refractory disease. Extranodal disease was also identified by the GHSG as an unfavorable prognostic factor in patients with limited stage HL. 27 Although most patients in both groups received ABVD as a first line treatment, a significantly higher proportion of patients in the group with primary refractory disease received ABVD alone, likely because of rapidly progressive disease prior to the start of planned consolidative radiation. Moskowitz et al. also found that the majority (79%) of 75 refractory patients had no exposure to radiotherapy at the time of salvage N. Puig et al. 1500 haematologica | 2010; 95(9) 28 Different variables have been identified as prognostic factors at relapse in HL, including response to salvage chemotherapy. [29] [30] [31] This was confirmed in the present study when univariate analyses for progression-free and overall survival were applied to the transplanted group. Bulky disease was significant for progression-free survival in univariate analysis applied to the entire cohort and remained significant in the Cox model. This is in accordance with the known predictive value of bulky disease at the time of transplantation, as reported by several groups in the past. 20, 25 The significance of this finding (P=0.039) needs to be interpreted with caution given that data were incomplete for a considerable number of patients. However, given the typically poor outcomes associated with bulky disease in HL, we feel that this finding is of significance.
The overall response rate to second-line chemotherapy was lower among the primary refractory cohort than among the relapsed cohort (51% versus 83%, P<0.0001) . This result appears similar to the response rate of 43% reported by the GHSG for a group of 206 patients with primary refractory disease, the majority of whom (51%) received dexa-BEAM. 9 Response rates in patients with primary refractory HL in other published series range between 32% and 84%; this wide range is likely a reflection of imbalances in prognostic factors between groups and small sample sizes. 9, 11, 12, 28, [32] [33] [34] As a consequence of the differences in chemosensitivity observed between the two groups, a significantly lower proportion of patients with primary refractory disease was able to proceed to ASCT (79% in the primary refractory group versus 92% in the relapsed group, P=0.028). The outcome was, however, similar in the two groups post-ASCT suggesting some benefit from HDCT in patients with primary refractory disease.
Transplant procedures are associated with an inherent selection bias that our study aimed to reduce by including all patients who were potential candidates for ASCT at the time of first relapse/progression. To our knowledge, data regarding the outcome of patients undergoing chemotherapy prior to ASCT are scarce. This analysis, however, has potential limitations. Our program did not require routine re-biopsy of patients with an adequate histological specimen at primary diagnosis, with remission lasting less than 4-5 years and a presentation typical of HL. We accept that a very small proportion of patients may have had a different diagnosis but we felt that it was impractical to mandate biopsy unless the clinical picture was suggestive of an alternate problem. A variety of second-line chemotherapy regimens were employed in this cohort reflecting the lack of randomized controlled trials in this area. The majority of patients in the study received mini-BEAM 18 or, more recently, GDP based on our institutional data. 35 The role and timing of consolidative radiotherapy peri-ASCT has not been tested in controlled trials. Historically pre-ASCT consolidative radiation has been a source of concern because of potentially high rates of pulmonary toxicity if mediastinal radiation is required. 21 In a recent, prospective study from Australia, the rate of pneumonitis in 19 patients treated post-ASCT was 5%, 37 contrasting with the 21% found in the phase I trial by Dawson et al. of involved field radiotherapy pre-ASCT. 38 In the absence of phase III data, the timing of consolidative radiotherapy is likely to be based on toxicity considerations. The role of radiation itself remains another area of controversy. The GHSG/EBMT randomized ASCT trial recommended radiotherapy in all patients with residual lesions "judged to represent active Hodgkin's disease" in the absence of randomized data. 7 Our current practice reflects our historical practice of employing post-ASCT radiotherapy for masses larger than 5 cm and potentially to treat localized recurrence if radiotherapy was not previously employed (an extrapolation from combined modality therapy in the primary treatment setting). 39 As a higher proportion of patients with primary refractory disease received post-ASCT radiation, (24 versus 12, P=0.015), radiotherapy may be contributing to the outcome of these chemosensitive patients.
Our results highlight the inferior survival and higher rate of chemoresistant disease in patients with primary refractory compared to relapsed HL. Given the lack of randomized controlled trials in the field, they also suggest the potential benefit of ASCT-based strategies which may include consolidative radiotherapy in the subset of chemosensitive patients with primary refractory disease. We recommend the ongoing use of ASCT in patients with primary refractory HL and encourage investigators to evaluate these ASCT-based strategies prospectively. 40 Future studies should try to understand the unique biology and behavior of primary refractory HL in order to improve survival in this group of patients.
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